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(54) Continuously variable transmission with an electro-hydraulic control system and method 
for operating such transmission 



(57) Continuously variable transmission provided 
with a first pulley (1 ) having two pulley discs (5, 7), with 
a second pulley (2) having two pulley discs (6, 8) and 
with a drive belt (10) wound around said pulleys (1 , 2) 
for transmitting torque there between, at least one disc 
(7) of the first pulley (1) being axially movable with re- 
spect to the other disc (5) of said pulley (1) under the 
influence of an axial force provided on said movable disc 
(7) by a hydraulic pressure in a cylinder (1 1 ) of a piston/ 
cylinder assembly (11,13) associated with said first pul- 
ley (1 ). The continuously variable transmission is further 



provided with a control system capable of controlling the 
pressure in said cylinder (11) and comprising a pump 
(17) for generating a flow of hydraulic medium from a 
reservoir (34) to a main hydraulic line (15) and a line 
pressure valve (1 8) at least operable by a control pres- 
sure (P CP ) which is regulated by an electronically oper- 
able pressure regulator (29), for controlling a line pres- 
sure (Pi_p) in said main hydraulic line (15). Additionally 
the control system comprises a pressure control means 
(40; 41; 42) capable of influencing the line pressure 
(P LP ) by providing a further pressure (P FP ) on a part (20) 
of the line pressure valve (1 8). 
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Descrlptl n 

[0001] The invention relates to a continuously varia- 
ble transmission or CVT provided with an electro-hy- 
draulic control system and a method for operation there- 5 
of. The CVT is known, for example, from EP-A- 
0.787.927 and is in particular suited for motor vehicles. 
[0002] The known CVT comprises a V-type drive belt 
wound around a first pulley provided on a first shaft and 
a second pulley provided on a second shaft. Both pul- 10 
leys have two conical discs, an axial separation of which 
is adjustable by means of a piston/cylinder assembly of 
each pulley. During operation of the transmission the 
drive belt is clamped with a first clamping force between 
the discs of the first pulley and with a second clamping 1$ 
force between the discs of the second pulley. The 
clamping forces are effected by exerting a pressure in 
a piston/cylinder-assembly associated with a pulley for 
each of said first and second pulleys. The level of the 
clamping forces determines the maximum amount of 20 
torque that can be transmitted between said first and 
second shaft virtually without relative movement in the 
tangential direction between the drive belt and the discs 
of the pulleys, i.e. belt slip, occurring. The (instantane- 
ous) maximum amount of torque is referred to as the 
(instantaneous) torque transmitting capacity of the CVT. 
In the CVT a transmission ratio is related to the ratio of 
the running radii of the drive belt between the discs of 
the pulleys, which may be influenced by changing the 
ratio of the pressures in the piston/cylinder assemblies. 
An electro-hydraulic control system is provided to con- 
trol said pressures and to achieve an appropriate trans- 
mission ratio and torque transmitting capacity of the 
continuously variable transmission. 
[0003] It is generally known in the art, that the efficien- 
cy of the CVT is inversely proportional to the clamping 
forces applied by the pulley discs to the drive belt. 
Therefore, the control system is preferably arranged 
such that the lowest allowable clamping force for ach iev- 
ing torque transmission without belt slip is applied to the 
belt. For effecting the clamping forces, the control sys- 
tem is provided with a hydraulic system comprising a 
source of hydraulic medium in the form of a pump and 
a line pressure valve for controlling the pressure of the 
medium delivered by the pump to a main hydraulic line, 
the so called line pressure. To minimise energy loss, 
said line pressure is equal to, but not higher than, the 
highest pressure applied in the cylinders of the piston/ 
cylinder assemblies. The control system is further pro- 
vided with an electronic system comprising an electronic 
control unit (ECU) for generating a control current oper- 
ating said line pressure valve in dependence on one or 
more variables, such as the transmission ratio, rotation- 
al speed of the pulleys and/or the torque to be transmit- 
ted by the transmission. Usually said line pressure valve 
is operated through applying a range of control pres- 
sures to said valve, which control pressure is regulated 
by an electronically operable pressure regulator, which 



in turn Is operated by said control current. The pressure 
regulator derives said control pressure from an essen- 
tially constant pressure regulator feed pressure, which 
is somewhat higher than the maximum level of the con- 
trol pressure to be applied. The control current generat- 
ed by the ECU for operating the pressure regulator typ- 
ically varies in a range between 0 and 1 Ampere. In de- 
pendence on said control current the control pressure 
regulated by the pressure regulator typically varies in a 
range between 0 and 6 bar, whereas the feed pressure 
is typically about 7.5 bar. 

[0004] The known set-up of the control system is 
adopted both in conventional CVTs where line pres- 
sures are applied ranging from a few bar to 45 bar and 
In the currently favoured transmission designs, where 
the maximum line pressure level applied may range 
from 80 to 90 bar depending on CVT design specifics. 
Current developments in CVT design indicate that said 
maximum level might increase even further. 
[0005] It appears that in the currently favoured CVT 
designs the accuracy with which the line pressure may 
be controlled does not meet the accuracy formerly 
achieved in conventional CVT designs. However, as 
was mentioned earlier, it is desirable for efficiency con- 
siderations to be able to accurately control the line pres- 
sure, so that the lowest allowable line pressure is set, 
while still effectively preventing belt slip. 
[0006] It is an object of the invention to improve the 
efficiency of currently favoured CVT designs and in gen- 
eral to provide for a CVT with a control system capable 
of accurate control of the line pressure. According to the 
invention these objects may be achieved by a CVT hav- 
ing the features defined in the characterising portion of 
claim 1 . It is also an object of the invention to provide 
for a method for accurately and efficiently operating the 
CVT of currently favoured design. According to the in- 
vention this object may be achieved by adopting the 
method according to claim 13. 
[0007] The CVT according to claim 1 is characterised 
by pressure control means that are capable of influenc- 
ing the line pressure by a further pressure acting on a 
part of the line pressure valve. In effect this means that 
the line pressure valve is controllable both by said con- 
trol pressure and by said further pressure. This has the 
advantage that a number of options are opened for a 
considerable improvement of the accuracy of the control 
system and thereby of the transmission efficiency. Ac- 
cording to the invention it is, for example, possible to 
use the control pressure to operate the line pressure 
valve so that approximately the required line pressure 
is set and to use the further pressure to fine tune the 
setting of the line pressure valve. In this manner it is 
achieved that the accuracy of the line pressures control 
and thus also the efficiency of the CVT is improved con- 
siderably. 

[0008] According to an elaboration the invention the 
pressure control means comprise a further pressure 
regulator capable of regulating the further control pres- 
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sure that serves as said further pr ssur . According to 
the Invention it is advantageous, if in a first part of the 
range of applied line pressure levels, e.g. the lower 
halve between a few bar and approximately 45 bar, the 
line pressure valve is controlled by the control pressure 5 
regulated by the known pressure regulator, whereas the 
a second part of said range, e.g. the upper halve ap- 
proximately between 45 and 87 bar, the valve is control- 
led by thef urther control pressure serving as said further 
pressure and regulated by the further pressure regula- *o 
tor. In this manner the pressure regulator and the further 
pressure regulator are effectively adopted in series, so 
that the total range of control pressure levels available 
for controlling the line pressure valve is essentially dou- 
bled. It was found that the extra cost from incorporating « 
such pressure control means might be overcome by the 
positive effect they have on the efficiency of the CVT. 
[0009] According to another elaboration of the inven- 
tion, which is particularly suited for a CVT having a hy- 
draulic circuit which is arranged such that the pressure 20 
in the cylinder of the piston/cylinder associated with the 
first pulley is said line pressure, whereas the pressure 
in the cylinder of the piston/cylinder associated with the 
second pulley is determined by means of a flow control 
valve capable of controlling a flow of hydraulic medium 25 
from said main hydraulic line to said piston/cylinder as- 
sembly or a flow from said piston/cylinder assembly to 
said reservoir. According to the invention the pressure 
control means comprise a passage connecting the pis- 
ton/cylinder assembly associated with the second pulley 30 
to the line pressure valve, such that the pressure in said 
piston/cylinder assembly serves as said further pres- 
sure capable of influencing the line pressure. The con- 
trol system, or more in particular the line pressure valve, 
is arranged such that when said pressure in the piston/ 35 
cylinder assembly associated with the second pulley in- 
creases, the range of line pressure levels that can be 
set by regulating the control pressure decreases. Since 
the range of the control pressure levels remains un- 
changed, an increasingly more favourable ratio be- 40 
tween the range of line pressure levels and the range of 
control pressure levels is obtained, when the pressure 
in the cylinder of the piston/cylinder assembly of the sec- 
ond pulley increases. The accuracy with which the con- 
trol system can control the line pressure is thus made 
dependent on the pressure in the piston/cylinder assem- 
bly of the second pulley in such a manner that said ac- 
curacy increases when said latter pressure increases. 
Since the pressure in the piston/cylinder assembly of the 
second pulley increases with increasing transmission so 
ratio, which for this purpose is defined as the rotational 
speed of the first pulley divided by that of the second 
pulley, the accuracy of the control system increases with 
increasing transmission ratio. 

[001 0] The advantage of such a control system is giv- 55 
en by the insight that a CVT is operated for relatively 
long periods of time at the higher transmission ratios, 
the so-called OD-ratios.The lowest transmission ratios, 
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the so-called Low-ratios, are usually primarily used dur- 
ing acceleration of a vehicle. In terms of efficiency it is 
thus important to be able to accurately control the line 
pressure when the transmission is in a OD-ratio, where- 
as a relatively inaccurate line pressure control in a Low- 
ratio will not have a large impact on the overall trans- 
mission efficiency. The present elaboration of the inven- 
tion provides simple and cost efficient means to improve 
the accuracy of the control system particularly in OD- 
ratios. The factor with which the accuracy of the control 
system is Improved in OD-ratios compared to the accu- 
racy in Low-ratios is dependent on the design of the line 
pressure valve, but may typically be about 2 or even 
more. 

[001 1 ] According to yet another elaboration of the in- 
vention the pressure control means comprise a further 
valve capable of selectively allowing an essentially con- 
stant auxiliary pressure to serve as said further pres- 
sure. Preferably, said further valve is a switch-type 
valve, which allows either the control pressure or the 
auxiliary pressure to control the line pressure valve. 
Said auxiliary pressure is chosen somewhat higher than 
the maximum control pressure level that may be regu- 
lated by the pressure regulator. The line pressure valve 
is arranged such that under the influence of said auxil- 
iary pressure the maximum applied line pressure level 
is set. According to the invention the pressure regulator 
feed pressure is particularly suited to serve as said aux- 
iliary pressure. The feed pressure is used to set the line 
pressure valve when the applied line pressure lies in an 
upper most part of the range of applied line pressure 
levels, whereas the line pressure valve is controlled by 
the control pressure when said line pressure required 
for preventing belt slip lies in other parts of said range. 
According to the invention a threshold pressure P LPth at 
which said upper most part starts can be calculated 
from: 

P LP.th = P CP,max / P AUX * P LP, max 

wherein: 

p cp,max b the maximum applied control pressure 
level, 

P AUX is the auxiliary pressure, which in this case is 
equal to the pressure regulator feed pressure P PR , 
p LP,max fe the maximum applied line pressure level. 

[001 2] The advantage of this particular elaboration of 
the control system according to the invention is given by 
the insight that the higher line pressures are usually ap- 
plied only when transmitting the highest torque levels, 
e.g. during a fast accelerations of a vehicle in which the 
CVT is adopted. It is found that during operation of the 
CVT such torque levels only occur in a relatively small 
part of the total time span of operation. This is particu- 
larly true if the CVT is provided with a torque converter, 
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as Is common practice in CVT design. It is thus possible 
to set the maximum line pressure level using the auxil- 
iary pressure, even if a somewhat lower line pressure is 
actually required to prevent belt slip, while still maintain- 
ing good transmission efficiency. The entire range of 5 
control pressure levels is then available for control of 
the line pressure within only a part of the range of ap- 
plied line pressure levels. The accuracy of the control 
system is thereby improved by a factor, which is given 
by the ratio between the auxiliary pressure and the max- 10 
imum of the range of control pressure levels. 
[0013] The invention also provides for a method al- 
lowing accurate control of the line pressure of the CVT. 
The method according to claim 13 is suited for the 
known CVT wherein the control system is capable of 
controlling the line pressure within a range of line pres- 
sure levels applied by means of a line pressure valve 
when operated by a control pressure varying within a 
range of control pressure. In such a control system a 
control pressure resolution may be defined as the ratio 
between said range control pressure levels and a range 
of line pressure levels to be applied by means of a line 
pressure valve when operated by said range of control 
pressure levels. This resolution is a measure for the ac- 
curacy of the line pressure control. According the inven- 
tion said resolution may be improved by providing for a 
further pressure capable of influencing the line pressure 
valve. In effect this means that several options are 
opened to improve the accuracy of the control system 
by decreasing said range of line pressure levels to be 
applied by means of a line pressure valve when operat- 
ed by said range of control pressure levels. The method 
at least comprises the steps of: 

determining a desired line pressure based on a 
number of signals at least representing the trans- 
mission ratio, the torque to be transmitted and the 
rotational speed of a pulley, 
generating the control current for control of the pres- 
sure regulator at least in dependence on said de- 
sired line pressure and 

providing a further pressure capable of controlling 
said line pressure valve so as to effect an increase 
of the control pressure resolution by decreasing the 
range of line pressure levels applied by means of a 
line pressure varve when operated by said range of 
control pressure levels. 

[001 4] According to a development of the invention a 
further pressure regulator for regulating a further control 
pressure which serves as said further pressure may be 
provided. In this case the method according to the in- 
vention additionally comprises the step of: 

generating a further control current for control of a 
further pressure regulator at least in dependence 
on said desired line pressure, such, that a further 
control pressure is regulated which serves as said 



further pressure. 

[0015] The particular advantages of this development 
of the invention being that the accuracy of the control 
system may be improved in the entire operational range 
of the CVT, e.g. independent on the transmission ratio, 
and that the improvement may be quite large, i.e. up to 
two a factor of 2. 

[0016] According to another development of the in- 
vention a hydraulic line connecting the cylinder of the 
piston/cylinder assembly of the second pulley to the line 
pressure valve may be provided, such that the pressure 
in said cylinder serves as said further pressure. In this 
case the method according to the invention additionally 
comprises the step of: 

determining a pressure actually present in the cyl- 
inder of the piston/cylinder assembly associated 
with the second pulley which serves as said further 
pressure 

Furthermore, in order to generate the appropriate con- 
trol currentforcontrol of the pressure regulator, said cur- 
rent is generated additionally in dependence on the level 
of said pressure actually present in the cylinder of the 
piston/cylinder assembly associated with the second 
pulley. The particular advantage of this development of 
the invention being that the method may be implement- 
ed at low a cost. 

[0017] According to still another development of the 
invention a valve may be provided for selectively allow- 
ing the line pressure valve to be controlled either by the 
control pressure or by an essentially constant auxiliary 
pressure which serves as said further pressure. In this 
case the method according to the invention additionally 
comprises the steps of: 

- determining if the desired line pressure is higher 
than a predetermined threshold pressure and 
setting the line pressure valve by means of an es- 
sentially constant auxiliary pressure which serves 
as said further pressure if the desired line pressure 
is higher than said predetermined threshold pres- 
sure. 

[0018] The particular advantage of this development 
of the invention being that the accuracy of the control 
system may be improved in the entire operational range 
of the CVT, e.g. independent on the transmission ratio. 
[0019] In the following the invention is elucidated fur- 
ther with reference to the accompanying figures. 
[0020] Figure 1 shows a schematic representation of 
a CVT with an electro-hydraulic control system accord- 
ing to the state of the art. 

[0021] Figure 2 is simplified cross sectional view of a 
line pressure valve. 

[0022] Figure 3 shows the relation between control 
current, control pressure and line pressure for the 
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known CVT. 

[0023] Figure 4 shows a schematic representation of 
a CVT with an electronic control system according to a 
first embodiment of the invention. 
[0024J Figure 5 is a simplified cross sectional view of 
a line pressure valve suited for application in the CVT 
according to figure 4. 

[0025] Figure 6 shows a preferred relation between 

control current, control pressure and line pressure for 

the CVT according to figure 4. 

[0026] Figure 7 shows a schematic representation of 

a CVT with an electronic control system according to a 

second embodiment of the invention. 

[0027] Figure 8 is a simplified cross sectional view of 

a line pressure valve suited for application in the CVT 

according to figure 7. 

[0028] Figure 9 shows a preferred relation between 
control current, control pressure and line pressure for 
the CVT according to figure 7. 

[0029] Figure 10 shows a schematic representation 
of a CVT with an electronic control system according to 
a third embodiment of the invention. 
[0030] Figure 11 is simplified cross sectional view of 
a line pressure valve suited for application in the CVT 
according to figure 10. 

[0031] Figure 12 shows the preferred relation be- 
tween control current, control pressure and line pres- 
sure for the CVT according to figure 10. 
[0032] Figure 1 shows a schematic representation of 
a CVT with an electro-hydraulic control system accord- 
ing to the state of the art. The CVT comprises a first 
pulley 1 on a first shaft 3 and a second pulley 2 on a 
second shaft 4. A drive belt 10 is mounted around said 
pulleys 1 , 2 for transmitting torque between said shafts 
3, 4. Each pulley 1 or 2 has a fixed disc 5 or 6 and an 
axially moveable disc 7 or 8 respectively. Piston/cylin- 
der-assemblies 1 1 , 1 3 and 1 2, 1 4 are provided for axially 
displacing said movable discs 7 and 8. Cylinders 1 1 and 
12 of the piston/cylinder-assemblies 11, 13 and 12, 14 
are part of an electro-hydraulic control system and are 
connected to other parts of the system by means of a 
main hydraulic line 1 5 and a further hydraulic line 1 6 re- 
spectively. The control system comprises a hydraulic 
circuit which is provided with a pump 1 7 for generating 
a flow of hydraulic medium from a reservoir 34 to said 
main hydraulic line 15 and with a line pressure valve 18 
for controlling a line pressure P LP of said hydraulic me- 
dium in the main hydraulic line 15 and thus also in the 
cylinder 11 of the first pulley within a range of line pres- 
sure levels applied in the CVT 
[0033] The line pressure valve 18 is shown in more 
detail in figure 2. The valve 1 8 comprises a valve hous- 
ing 19 and a valve body 20 slidably mounted in said 
valve housing 1 9. Depending on the position of the valve 
body 20 a smaller or larger flow of hydraulic medium is 
allowed to flow from the main hydraulic line 1 5 to another 
part of the hydraulic circuit, here denoted as hydraulic 
line 21 . If said flow is smallerthan theflow generated by 



the pump 17, the line pressure P LP increases and vie 
versa. The position of the valve body 20 is determined 
by a balance between, on the one hand, a force to the 
right, due to both the line pressure P^acting on face 22 
5 via passage 23, often provided with a hydraulic restric- 
tion 24, and the control pressure PcP acting on face 25 
via passage 26, and, on the other hand, a force to the 
left, due to a spring 27. Thus, if the control pressure P CP 
is small, the line pressure P LP will become large in order 
10 to balance the force of said spring 27 and vice versa. 
The ratio between the surface areas of the faces 22 and 
25 are usually chosen such that the maximum applied 
control pressure P CP level is small compared to the max- 
imum applied line pressure level P^max- Face 25 is pro- 
fs vided with a protrusion 28 that prevents the blocking of 
the passage 26 by the valve body 20, when it is urged 
to the left. 

[0034] The valve 1 8 shown in figure 2 is equipped with 
a spring 27, which means that, if no control pressure 

20 p cp is applied to face 25, the valve body 20 blocks the 
flow from hydraulic channel 13 to hydraulic channel 21 
until the line pressure P^acting on end surface face 22 
is capable of moving the valve body 18 to the right 
against the force exerted by the spring 27. The NC-type 

25 valve 18 will thus set a maximum line pressure level 
p Lp,max when the control pressure P CP is lowest. I n case 
of a valve without a spring, the maximum applied line 
pressure level P^max is set when a max' mum control 
pressure level P CP>ma x js applied. The construction of 

30 the latter type of valve is illustrated later in figure 11 . 
[0035] Returning to figure 1 , a pressure regulator 29 
is used to regulate the control pressure Pep in the pas- 
sage 26. The pressure regulator 29 is fed with hydraulic 
medium via line 21 at an essentially constant feed pres- 

35 sure PpR, which is somewhat higher than the maximum 
applied control pressure level Pcp.max- A feed pressure 
valve 30 determines the pressure level of the feed pres- 
sure P PR . Valve 30 is of similar construction as valve 1 8, 
however, in this case no control pressure is applied, 

40 since the feed pressure P PR is essentially constant. The 
force exerted by spring 31 determines the feed pressure 
P Pfl . The known control system is furthermore provided 
with a flow control valve 32 controlled by a control pres- 
sure regulated by an accompanying pressure regulator 

45 33, which valve 32 determines the flow through the fur- 
ther line 1 6 either from the main hydraulic line 15 to the 
cylinder 12 of the second pulley 2, or from said cylinder 
12 to a reservoir 34 for hydraulic medium, thereby con- 
trolling the pressure in said cylinder 12 at a level be- 
so tween the line pressure P^jp and the pressure of the me- 
dium in the reservoir 34. 

[0036] The feed pressure P PR supplied to the pres- 
sure regulators 29, 33 through line 21 is typically about 
7.5 bar, whereas the pressure regulators 29, 33 are ca- 
55 pable of deriving a control pressure Pqp from said feed 
pressure P PR approximately between 0 and 6 bar. Ex- 
cess hydraulic medium is allowed to flow from the valves 
30, 32 and the pressure regulators 29, 33 to a reservoir 
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for hydraulic medium 34. The pressure regulators 29, 
33 are of generally known construction and are electron- 
ically operable by means of an electronic system com- 
prising an ECU 35 which determines appropriate control 
currents Ipc for said pressure regulators 29, 33 based 
on suitable variables, such as the transmission ratio i, 
the rotational speed of the first pulley Nf and the torque 
T to be transmitted by the CVT. 
[0037] Although the known CVT functions satisfactory 
per se, the efficiency of contemporary CVT designs is 
not optimal as is Illustrated in figure 3. Typically applied 
line pressures P LP in conventional CVTs range from a few 
bar up to 45 bar as shown by range II. Within said range 
the line pressure P^is controlled using control pres- 
sures Pep In a range I ranging from about 0 to 6 bar de- 
pendent on a control current l^, which may vary within 
a range from about 0 to 1 ampere. In other words, the 
amplification factor of the control system, which is de- 
fined here as the range II of applied line pressure P|_pdi- 
vided by the range I of applied control pressures P CP is 
typically about 7. Unavoidable inaccuracies in the contra I 
pressure P CP thus result in inaccuracies in the line pres- 
sure P^that are about 7 times larger. In the presently 
favoured CVT designs, however, the applied line pres- 
sures P LP may range from a few bar to 80 bar or even 
more, as shown by range III, which yields an amplifica- 
tion factor of about 14 or even more. Because of this 
large amplification, the inaccuracy of the actual level of 
the line pressure P^in the main hydraulic line 1 5 is rath- 
er large. Although the control system may be designed 
so that on average the actual line pressure P LP approxi- 
mates a desired level for that pressure, the actual line 
pressure P^is quite unstable and may at times deviate 
considerably from the average level. This necessitates 
the application of line pressures P|_pwhich are consider- 
ably higher than the line pressure P^required to ade- 
quately prevent mutual tangential movement of the drive 
belt 10 and the discs 5, 7 or 6, 8 of a pulley 1 or 2, i.e. 
belt slip, thereby negatively adverting the transmission 
efficiency. 

[0038] In figure 4 a schematic representation of a CVT 
with an electro-hydraulic control system according to a 
first embodiment of the invention is shown. The control 
system comprises pressure control means 40; 41 ; 42 
which are provided with a further pressure regulator 40 
capable of regulating a further control pressure which 
serves as the further pressure P FP for influencing the 
line pressure P^. Like the pressure regulator29 the fur- 
ther pressure regulator 40 is controlled by a control cur- 
rent l FP which is generated by the ECU 35. The valve 
body 20 of the line pressure valve 1 8 is provided with a 
further face 44 for allowing said further pressure P FP to 
influence the line pressure as is shown in figure 5. The 
control system is also provided with a passage 43, con- 
necting said further regulator 40 with the line pressure 
valve 18. The effect of this elaboration of the invention 
on the dependency of the line pressure P^ on the con- 
trol pressure Pep and on the further pressure P FP is 



shown in figure 6. In this case the surface areas of the 
faces 25 and 44 are chosen such that both the pressure 
regulator 29 and the further pressure regulator 40 are 
capable of controlling the line pressure P LP in an equal 
5 part IV respectively V of the range of applied line pres- 
sure levels III. Thus, when both the control pressure P CP 
and the further pressure P FP are at their maximum level 
(typically about 6 bar), the line pressure P LP at Its mini- 
mum level, which in this example is 3 bar. When the con- 
to trol pressure Pep is regulated to its minimum level (typ- 
ically about 0 bar), the line pressure P LP is controlled in 
the lower part IV of the total line pressure range from 
said minimum level to an intermediate level, which in 
this example is 45 bar. When subsequently the further 
is pressure P FP is regulated to its minimum level, the line 
pressure Plp is controlled in an upper part V of the total 
line pressure range from said intermediate level to a 
maximum level, which in this example is 87 bar. It is thus 
achieved that the range of control pressures levels (I) is 
20 used to control the line pressure P LP within only a part 
of the total range of line pressures P^. In the example 
shown in figure 6 the amplification factor of the control 
system is essentially halved through the presence of the 
further pressure regulator 40 regulating the further pres- 
25 sure P FP , thereby radically improving the accuracy of 
the control system. 

[0039] An additional advantage of this particular elab- 
oration of the invention is that the efficiency and the 
driveability of the CVT may also be improved it those sit- 

30 uations wherein the electric control system fails, for ex- 
ample due to an empty car battery. This may be under- 
stood as follows. In the known CVT shown in figure 1 the 
control system is arranged such that the pressure regu- 
lator 26 automatically regulates the control pressure Pep 

35 to its minimum level when it receives no control current 
L„. Thus under these circumstances the maximum line 
pressure level P|_p,max is applied so as to prevent drive 
belt 1 0 slip at all times. Because of the constantly applied 
maximum line pressure level PLP, ma x. tne efficiency of 

40 the transmission will be very poor and the load on the 
drive belt 10 very high, which may cause unnecessary 
wear of the drive belt 1 0. The control system according 
to the invention is equipped with two pressure regulators 
26 and 40. Such pressure regulators 26 and 40 operate 

45 similar to either the different types of valve 18 discussed 
earlier. A pressure regulator provided with a spring is 
called a Normally Open (NO)-type valve, whereas a 
pressure regulator without a spring is called a Normally 
Closed (NC)-type valve. The control system may thus be 

so arranged such that during electrical failure the pressure 
regulator 26 automatically regulates the control pressure 
P CP to its minimum level, whereas the further pressure 
regulator 40 automatically regulates the further pressure 
Ppp to its maximum level, or vice versa. In this manner, 

55 the force on the valve body 20 of the line pressure valve 
18 is not zero during electrical failure, but is determined 
by the further pressure P FP acting on the further face 44. 
The line pressure P LP applied is thus not at its maximum 
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level P|_p trnax but at somewhat lower level which Is de- 
pendent on the surface area of face 44 and the level of 
the further pressure P FP , thereby improving the efficien- 
cy of the transmission reducing the load on the drive belt 
10. 5 
[0040] In figure 7 a schematic representation of a CVT 
with an electro-hydraulic control system according to a 
second embodiment of the invention is shown. This 
elaboration of the invention is particularly suited for a 
CVT wherein the pressure in the cylinder 12 of the pis- io 
ton/cylinder assembly 12, 14 associated with the sec- 
ond pulley 2 is derived from the line pressure P^, so 
that the ratio between the pressure in said cylinder 12 
and the pressure in the cylinder 1 1 of the piston/cylinder 
assembly 11,13 associated with the first pulley lies al- is 
ways between 0 and 1 . The pressure control means 41 ; 
42; 43 according to this elaboration comprise a hydraulic 
passage 41 , which connects the piston/cylinder assem- 
bly 12, 14 associated with the second pulley 2 with the 
line pressure valve 1 8, so that the pressure in said cyl- 20 
inder 12 serves as said further pressure P FP , as is 
shown in figure 8. The face 44 of the line pressure valve 
18 now allows the pressure in said cylinder 12 of the 
second pulley 2 to exert a force on the valve body 20 
thereby influencing the line pressure P LP . The effect of 25 
the pressure control means 40; 41 ; 42 according to this 
elaboration of the invention on the dependency of the 
line pressure P LP on the control pressure Pep and on the 
further pressure P FP is shown in figure 9. It may readily 
be understood that, when said pressure in the cylinder 
12 of the piston/cylinder assembly 12, 14 associated 
with the second pulley 2 approximates zero, the behav- 
iour of the line pressure valve 18 is unchanged with re- 
spect to the prior art discussed earlier with reference to 
figures 1 to 3. However, during normal operation of the 
CVT said latter pressure ratio increases from near zero 
to the level of the line pressure P^when the transmis- 
sion ratio i increases from Low-ratio, wherein the run- 
ning radius of the drive belt 10 between the discs 5, 7 
of the first pulley 6, 8 is smallest, to OD-ratio, wherein 
said running radius is largest, and vice versa. As is 
shown in figure 9, this effects a change in the range of 
line pressures P LP that may be controlled by means of 
the line pressure valve 18, such that said range be- 
comes smaller when said pressure in the cylinder 12 in- 
creases. It is thus achieved by the invention that the am- 
plification factor of the control system decreases. In this 
example said factor decreases from 14 in the Low-ratio 
to 7 in the OD-ratio, yielding a considerable more accu- 
rate transmission control in OD than in Low. 
[0041] In figure 10 a schematic representation of a 
CVT with an electro-hydraulic control system according 
to a third embodiment of the invention is shown. In figure 
1 0 an additional pressure control valve 48 and an addi- 
tional pressure regulator 49 are shown. Said valve 48 
and said pressure regulator 49 are used to control a 
pressure in line 50 which leads to other parts of the hy- 
draulic circuit, such as a sub-circuit for lubrication of for 



the control of clutches in the CVT. The pressure control 
means 40; 41 ; 42 according to this elaboration of the 
invention are provided with a further valve 42 in the form 
of a switch valve, which is capable of selectively allowing 
the line pressure P|_p to be influenced either by said con- 
trol pressure P CP or by an essentially constant auxiliary 
pressure Paux> which serves as said further pressure 
P FP . A hydraulic passage 45 connects said switch valve 
42 to the line pressure valve 18. In the construction 
shown in figure 1 0 the pressure regulator feed pressure 
P PR serves as said auxiliary pressure P AUX and thus as 
said further pressure P FP , however, any essentially con- 
stant pressure in the control system, such as a lubrica- 
tion pressure, could be a suitable auxiliary pressure 
P AUX . The further valve 42 is operated by on the one 
hand the control pressure P CP regulated by the pressure 
regulator 29 and on the other hand a spring 46, whereby 
said valve 42 is arranged such that a first hydraulic con- 
nection 26, 45, is established between the pressure reg- 
ulator 29 and the line pressure valve 1 8 when said con- 
trol pressure Pqp is lower than its maximum level 
P CPmax , whereas, when said control pressure P CP is 
substantially at said maximum level P C p.max» a second 
hydraulic connection 21 , 45 is established between the 
feed pressure valve 30 and the line pressure valve 1 8. 
In effect it is thus achieved that the line pressure valve 
18 is controlled by the control pressure P CP when said 
control pressure P CP is lower than its maximum level 
P CPmax , whereas when the maximum control pressure 
level Pcp.max te applied the line pressure valve 1 8 is set 
by the constant further pressure P FP . In figure 11 a line 
pressure valve 18 suited for this particular elaboration 
of the invention is shown. The valve is not provided with 
a spring and the control pressure P CP and the line pres- 
sure Plp act on opposite sides of the valve body 20. in 
this case the line pressure P^is high when the control 
pressure P CP is high and vice versa. The effect of this 
elaboration of the invention on the control system is 
shown in figure 12. As is shown, the control pressure 
P CP varies within a range from 0 and 6 bar depending 
on the current l^ applied to the pressure regulator 29. 
The faces 22 and 25 of the line pressure valve 18 are 
dimensioned such that the line pressure P^ varies be- 
tween a few bar and a threshold pressure P^ ^ of about 
70 bar in dependence on said control pressure ?Qp. 
When the maximum control pressure level P C p, m ax js 
regulated said second hydraulic connection is estab- 
lished and the line pressure is set at is maximum level 
p i_p,max °y said further pressure P FP , which in this case 
is the pressure regulator feed pressure P PR . It is thus 
achieved by the invention that the amplification factor of 
the control system is improved by a factor which is equal 
to the ratio between the maximum applied line pressure 
level P^max and the threshold pressure 

Plp,up> which 

in turn is equal to the ratio between Ppp and P C p, m ax> 
which means that said factor is typically about 1 .25. 
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Claims 

1 . Continuously variable transmission provided with a 
first pulley (1) having two pulley discs (5, 7), with a 
second pulley (2) having two pulley discs (6, 8) and 
with a drive belt (1 0) wound around said pulleys (1 , 
2) for transmitting torque there between, at least 
one disc (7) of the first pulley (1 ) being axially mov- 
able with respect to the other disc (5) of said pulley 

(1) under the influence of an axial force provided on 
said movable disc (7) by a hydraulic pressure in a 
cylinder (11) of a piston/cylinder assembly (11,13) 
associated with said first pulley (1), the continuously 
variable transmission is further provided with a con- 
trol system capable of controlling the pressure in 
said cylinder (11) and comprising a pump (17) for 
generating a flow of hydraulic medium from a res- 
ervoir (34) to a main hydraulic line (15) and a line 
pressure valve (18) at least operable by a control 
pressure (Pep) which is regulated by an electroni- 
cally operable pressure regulator (29), for control- 
ling a line pressure (P^) in said main hydraulic line 
(15), characterised in that, the control system addi- 
tionally comprises a pressure control means (40; 
41; 42) capable of influencing the line pressure 
( p lp) by providing a further pressure (P FP ) on a part 
(20) of the line pressure valve (18). 

2. Continuously variable transmission according to 
claim 1 , wherein the line pressure valve (1 8) is pro- 
vided with a valve body (20) slidably mounted in a 
valve housing (19) whereby a position of said valve 
body (20) within the valve housing (18) is deter- 
mined by a balance of a number of forces acting on 
said valve body (20), said forces at least comprising 
a force exerted by the line pressure (Plp) on a face 
(22) of said body (20) and a force exerted by the 
control pressure (P CP ) on another face (25) of said 
body (20), characterised in that, the further pres- 
sure (P FP ) is provided on a face (25, 44) of the valve 
body (20) thereby exerting a force on the valve body 
(20) which influences said balance. 

3. Continuously variable transmission according to 
claim 1 or 2, characterised in that, said pressure 
control means (40; 41 ; 42) comprise a further pres- 
sure regulator (40) for regulating a further control 
pressure that serves as said further pressure (P FP ). 

4. Continuously variable transmission according to 
claim 1 , 2 or 3, wherein the pressure in the cylinder 
(11) of the piston/cylinder assembly (11,13) asso- 
ciated with the fist pulley (1) is essentially equal to 
the line pressure (P LP ) and wherein at least one disc 
(8) of the second pulley (2) also being axially mov- 
able with respect to the other disc (6) of said pulley 

(2) under the influence of an axial force provided on 
said movable disc (8) by a hydraulic pressure in a 



cylinder (12) of a piston/cylinder assembly (12, 14) 
associated with the second pulley (2), character- 
ised in that, the pressure control means (40; 41 ; 42) 
comprise a passage (41) for directing the pressure 
5 in the cylinder (1 2) of the piston/cylinder assembly 
(1 2, 1 4) associated with the second pulley (2) to the 
line pressure valve (18) such that said pressure 
serves as said further pressure (P FP ). 

10 5. Continuously variable transmission according to 
any one of the claims 1 - 4, characterised in that, 
said pressure control means (40; 41 ; 42) comprise 
a further valve (42) for selectively allowing the line 
pressure valve (18) either to be operated by the 

15 control pressure (Pcp) or to be set by an essentialry 
constant auxiliary pressure (PAUX) that serves as 
said further pressure (P FP ). 

6. Continuously variable transmission according to 
20 claim 2, characterised in that, the pressure regulator 

(29) and the further pressure regulator (40) are ar- 
ranged such that when no control current (Ipc; l FPC ) 
is provided to the pressure regulators (29 or 40) one 
of the control pressure (P CP ) and the further control 
25 pressure is regulated to a maximum level, whereas 
the other one is regulated to a minimum level. 

7. Continuously variable transmission according to 
claim 3, characterised in that, the control system is 

30 arranged such that the pressure in the cylinder (12) 
of the piston/cylinder assembly (12, 14) associated 
with second pulley (2) is determined by means of a 
flow control valve (32) capable of determining a flow 
of hydraulic medium from the main hydraulic line 

35 (1 5) to said cylinder (12) and a flow from said cylin- 
der (12) to the reservoir (34). 

8. Continuously variable transmission according to 
claim 3 or 7, characterised in that, the line pressure 

40 valve (1 8) is arranged such that, when the pressure 
in the cylinder (12) of the piston/cylinder assembly 
(12, 14) associated with the second pulley (2) is 
highest, the highest line pressure (P^) to be ap- 
plied in dependence on the control pressure (P CP ) 

45 is essentially halve the highest line pressure (P LP ) 
to be applied in dependence on the control pressure 
(P CP ) when the pressure in the cylinder (12) of the 
piston/cylinder assembly (12, 14) associated with 
the second pulley (2) is lowest. 

50 

9. Continuously variable transmission according to 
claim 4, the pressure regulator (29) being arranged 
to regulate the control pressure (P CP ) by lowering 
a pressure regulator feed pressure (P PPl ) to a de- 

55 sired level, characterised in that, said pressure reg- 
ulator feed pressure (P PR ) serves as said auxiliary 
pressure (P AUX ). 
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10. Continuously variable transmission according to 
claim 4 or 9, characterised in that, said further valve 
(42) is operable by at least said control pressure 

(Pop)- 

11. Continuously variable transmission according to 
claim 4, 9 or 10, characterised in that the essentially 
constant auxiliary pressure (P A ux) ls approximately 
equal to 1.25 the maximum control pressure level 

( P CP,max)- 

12. Continuously variable transmission according to 
any of the preceding claims, characterised in that, 
in the continuously variable transmission a range of 
line pressure levels is applied having a maximum 
level (P|_p imax ) which is more than 45 bar. 

13. Method forcontrolling a line pressure (P,_p) in a con- 
tinuously variable transmission provided with a first 
pulley (1 ) having two pulley discs (5, 7), with a sec- 
ond pulley (2) having two pulley discs (6, 8) and with 
a drive belt (10) wound around said pulleys (1 , 2) 
for transmitting torque there between, at least one 
disc (7) of the first pulley (1) being axially movable 
with respect to the other disc (5) of said pulley (1) 
under the influence of an axial force provided on 
said movable disc (7) by a hydraulic pressure in a 
cylinder (11) of a piston/cylinder assembly (11,13) 
associated with said first pulley (1 ), the continuously 
variable transmission is further provided with a con- 
trol system at least capable of controlling a line 
pressure (P L p) in a main hydraulic line (15) within a 
range of line pressure levels (II; III) applied by 
means of a line pressure valve (1 8) when operated 
by a control pressure (P CP ) which is regulated by a 
pressure regulator (29) within a range of control 
pressure levels (I), a control pressure resolution be- 
ing defined as a ratio between the range of control 
pressure levels (I) and the range of line pressure 
levels (II; III), the method at least comprising the 
steps of: 

determining a desired line pressure (P[_p) 
based on a number of signals at least repre- 
senting a transmission ratio (i), a torque to be 
transmitted (T) and a rotational speed (Nf) of a 
pulley (1 or 2), 

generating a control current (l PC ) for control of 
the pressure regulator (29) at least in depend- 
ence on said desired line pressure (Plp) and 
providing a further pressure (P FP ) capable of 
operating said line pressure valve (1 8) so as to 
effect an increase of the control pressure reso- 
lution by decreasing the range of line pressure 
levels (IV; VI; VII) applied by means of a line 
pressure valve (18) when operated by said 
range of control pressure levels (I). 



1 4. Method according to claim 13, characterised in that, 
said method further comprises the step of: 

- generating a further control current (l FC ) for 
5 control of a further pressure regulator (40) at 

least in dependence on said desired line pres- 
sure (Plp), such that a further control pressure 
is regulated which serves as said further pres- 
sure (P FP ). 

10 

15. Method according to claim 13 or 14, the pressure in 
the cylinder (1 1 ) of the piston/cylinder assembly (1 1 , 
13) associated with the fist pulley (1) being essen- 
tially equal to the line pressure (P LP ), at least one 

15 disc (8) of the second pulley (2) also being axially 
movable with respect to the other disc (6) of said 
pulley (2) under the influence of an axial force pro- 
vided on said movable disc (8) by a hydraulic pres- 
sure in a cylinder (12) of a piston/cylinder assembly 

20 (12, 14) associated with the second pulley (2), char- 
acterised in that, said method further comprises the 
step of: 

determining a pressure actually present in the 
25 cylinder (12) of the piston/cylinder assembly 

(12, 14) associated with the second pulley (2) 
which serves as said further pressure (P FP ), 

and in that the control current (Ipc) for control of the 
30 pressure regulator (29) is generated additionally in 
dependence on and on the pressure actually 
present in the cylinder (1 2) of the piston/cylinder as- 
sembly (12, 14) associated with the second pulley 
(2). 

35 

16. Method according to claim 13, 14 or 15, character- 
ised in that, said method further comprises the 
steps of: 

40 - determining if the desired line pressure (Plp) is 
higher than a predetermined threshold pres- 
sure (Plp, up ) and 

- setting the line pressure valve (18) by means 
of an essentially constant auxiliary pressure 

45 (PAUX) which serves as said further pressure 

(P FP ) if the desired line pressure (Plp) is higher 
than said predetermined threshold pressure 

( P LP,up)- 
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ABSTRACT: 

CHG DATE=20010601 STATUS=0> Continuously variable 
transmission provided with 

a first pulley (1) having two pulley discs (5, 7), with a 
second pulley (2) 

having two pulley discs (6, 8) and with a drive belt (10) 
wound around said 

pulleys (1, 2) for transmitting torque there between, at 
least one disc (7) of 

the first pulley (1) being axially movable with respect to 
the other disc (5) 

of said pulley (1) under the influence of an axial force 
provided on said 

movable disc (7) by a hydraulic pressure in a cylinder (11) 
of a 

piston/cylinder assembly (11, 13) associated with said 
first pulley (1) . The 

continuously variable transmission is further provided with 
a control system 

capable of controlling the pressure in said cylinder (11) 
and comprising a pump 
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(17) for generating a flow of hydraulic medium from a 
reservoir (34) to a main 

hydraulic line (15) and a line pressure valve (18) at least 
operable by a 

control pressure (PCP) which is regulated by an 
electronically operable 

pressure regulator (29), for controlling a line pressure 
(PLP) in said main 

hydraulic line (15) . Additionally the control system 
comprises a pressure 

control means (40; 41; 42) capable of influencing the line 
pressure (PLP) by 

providing a further pressure (PFP) on a part (20) of the 
line pressure valve 

(18) . < IMAGE > 
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Abstract Text - FPAR (1) : 

CHG DATE=20010 601 STATUS=0> Continuously variable 
transmission provided with 

a first pulley (1) having two pulley discs (5, 7) , with a 
second pulley (2) 

having two pulley discs (6, 8) and with a drive belt (10) 
wound around said 

pulleys (1, 2) for transmitting torque there between, at 
least one disc (7) of 

the first pulley (1) being axially movable with respect to 
the other disc (5) 

of said pulley (1) under the influence of an axial force 
provided on said 

movable disc (7) by a hydraulic pressure in a cylinder (11) 
of a 

piston/cylinder assembly (11, 13) associated with said 
first pulley (1) . The 

continuously variable transmission is further provided with 
a control system 

capable of controlling the pressure in said cylinder (11) 
and comprising a pump 

(17) for generating a flow of hydraulic medium from a 
reservoir (34) to a main 

hydraulic line (15) and a line pressure valve (18) at least 
operable by a 

control pressure (PCP) which is regulated by an 
electronically operable 
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pressure regulator (29), for controlling a line pressure 
(PLP) in said main 

hydraulic line' (15) . Additionally the control system 
comprises a pressure 

control means (40; 41; 42) capable of influencing the line 
pressure (PLP) by 

providing a further pressure (PFP) on a part (20) of the 
line pressure valve 
(18). < IMAGE > 
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